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SOVIET WORK ON CHROMATHERMOGRAPHIC SEPARATION

[The following report
USSR investigators on
The date was taken fro

presents an account of work by a group of
the chromathermographic method of separation.
m sources listed at the end of this report. ]

The classical ckromatographic method of separation cannot be applied to
mixtures which contain both easily adsorbatle components and components that are
adsorbed with difficulty. For instance, mixtures which contain both heavy and
light hydrocarbons connot be separated in this manner. The ~lution (displ&ce-
ment) and thermal methods of chromatographic separation have been proposed for
such mixtures. Hovever, the sclection of a suitable eluent often presents dAlffi-
culties. The method of thermal desorption, Fenerally speaking, cannot be expected
to give setisfactory results: the components will cimply move in front of the
electric furnsce or other heating appliunce Without separating as the heating
appliance is advance: along the chromatographic eolumn. While neither the elution
method nor the thermal method is satisfactory as such, a method which combines the

advantages of both, i.e., the chromethermorraphic method, is of considerable prac-
tical value.

Chromathermogrnphy is & new method whish occurics an intermediate position
between ordinary chromﬂtography and fractional distillation. 1In ehromathermogrnphy,
the mixture to ve scparated is acted upon simultan~ously by a solvent (eluent) and
2 moving temperature field. Solution of difforential equations which express the
dynamics of the process shows that in :hromnth:rmonraphy, 25 distinguished from
other types of chrcmntogrnphy, the layars are compressed, as the substance heing
adsorbed moves along, o the thircknese of a mrthematical line in the case of a

straight line isotherm, end to a thickness correspondins to asymptotic distribution
in the case of a curvilinear isotherm.

It also follows from the mathematical treetment that the individual layers
will heve rigldly defined positions, The compression of the layers results in a
high separation efficiency of the method. An expression for the coefficient of
errichment has bhecn derived which indicates the increase of concentration obtained
a8s a result of sujecting sutstances ‘o the chromathermographic procedure. It has
been demons’ rated that in the case of asymptotic distribution the meximum concen-
tration corrzsponds to the equilibrium concentration. On the basis of this, a
simple method has bteen proposed for det2rmininz the thermel 2quation of edsorption
by memsuring the concentration and temperatures at the maximum of the yield curve.

With the aid of thig uwethod, the heats of adsorption of individual substances can
be determined.

chromathermography is not simply a combiration of
and thermal desorption, Application of a temperature grodient at the time when
development is eerried cut Introduces qualitetively new factors. In all types of
chromatography with the exception of chromathexmography, broadening of the layer of
the adsorbad substance tekes place. In chromathnrmcgraphy, as already mentioned,

compression of' the layer occurs as the substance moves through the thickness of the
adsorbent. The reason for the compression is “hat the trailing boundary of the
layer moves more rapidly than the leading boundary. This difference in velocity is
due to the fact that

the trailing boundary has a higher temperature than the frent
boundary of the layer

development chromatography

Theory and experimental results show that in chromathermography all substances
move with the same velocity, which is equel to the velocity of the source of heat,
at temperatures that have a characteristic value for every substance contained in
the mixture being separated. The compression of layers and movement of compounds
within definite temperature intervals make the method suitable not only for the
quantitative but nlso for the qualitetive analysis of mixtures. Application of &
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temperature field in chromathemography permits variation of the capacity of the

adsorbent within 8 vide range, so that the Separation of complex mixtures which

contain both easily adsorbable camponents and components that are adsorbed with
i difficulty is possible on the same adsorbent ,

The fact that the layers or adsorbates can be narrowed in chromathermography
is of great importance not only for analytical applications, but also because it
enables one to increase concentrations of valueble substances which are present in
very small quantities. For instance, natural 825 containg a number of isocompounds
that are extremely valyable to the petroleun conversion industry, However, these
isocompounds are bresent caly in very small Quantities, so that they rarely can be

detected ang isolated by ordinary methods. Chromathermography Permits their detec-
tion and isolation.

In work of thig type done by the Institute of Geophysical ang Geochemical
Methods of Prospecting, Moscow, determination of hydrocarbons after they haq passed
through the layer of the adsorbent wes carried out by neans of a continuously
Operating thermochemice] 528 analyzer (a recording appliance the operation of which
is based on the heat effect produced hy combustion). This gas analyzer had a large
operating volume. However, even when a pag analyzer of lower brecision is used,
the concentration of hravy iydrocarbons Ty be multiplisd by a ligure amounting to
several hundred. Yith tho use or appropriate recording devices, it wil] be possi-
ble to increase the coefrintent 07 errichment still further,

L2 introduced extensively
into industriai bractice because of the unavailability of chzap and simple gas
analyzers suitable for continuous operation. The R8s interferometer iz too expen-
sive, while 2 thermochomical analyzer or heat conductivity analyzer is too compli-
cated and unreliable, For these reasons, the Irstitute of Geophysical and Geo-
chemical Methods of Prospecting desizned g chromathe!‘mocraph which analyzes dis-
continuously 100 rc f2s camples. In thjs model, the adsorption column ig equipped

’ with a stationary rather than o movatle electrie heater. Carbon dioxide is used
88 the solvent (eluent). The zases ara measured volumetx"lcally in a gas buratte
filled with potassium hydroxide solution, i.e., a solution which dissolves the
carbon dioxide. Mixtures of methane, ethana, Propane, and butene ean be readily

’ analyzed by pmeans of this chromathemormph. Iteven-conrpone-nt hydrocarhon mixtures
(methane, ethane, ethylena, Propan-~, Propene, tutene, ang isobutene) could be
analyzed accurately bty means of an experimental chromthemograph equipped with an

electrical heater moved tlong the column at a definite speed by a clonkwork. Air
was used as an eluent.
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